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Abgtract: The results of 10 balloon flights with counter

telescopes and of 24 flights with single counters are re-

presented. It was found that a nearly unique correlation

exists between the counting rate in a certain altitude and

the counting rate of the neutron monitor on ground if only

galactic radiation impinges at the top of the atmosphere.

The counting rates of the single counter scatter in a more

pronounced manner with respect to the average expectation

values related to the neutron counting rates than those of

the telescope do. This is considered as due to the influ-

ence of meson decay along the very extended paths traversed
Lii

by particles arriving from strongly included directions.

These are accepted by the single counter with its layer

aperture in contrast to the telescope which responds only

to particles arriving in a narrower cone centered around

the vertical.

In a preceding paper 1) we could state a close corrclation

between the variations of the Cosmic radiation in high

altitudes above Weissenau (cut off rigidity 3,2 GeV accor-

ding to Quenby and Webber) and the nucleonic component on

ground. After the removal of our Institute from Weissenau

to Lindau near Gdttingen (cut off rigidity 2,4 GeV) mea-

surements of the same kind have been continued and supple-

mented by flights with other equipments.

Flights with Geiger-Miuller-count-_ telescopes,

For the measurements above Weissenau a GM-counter-t(les-

cope described in ref. 1 was used which recorded part: rles

arriving essentially from directions near the vertical. '

counting rates were integrated by a mechanical recorder and

its readings together with the air pressure telermetered to

the ground station every ten seconds. The various flights

covered a period of 15 months during which the counting rate

of the neutron monitor at Ncissenau decreased by 12 % of the

initial value. Concurrently the intensity of the radiation

in high altitudes decreased correspondingly.

2-
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By comparison of the different intensitiy versus pressure

curves the following law could be established:

If only galactic radiation impinges at the top of the at-

mosphere, the ratio of the relative variation of the co-

incidence rate K(p at an air pressure p to the relative

variation of the nucleonic component N(720) at an air pres-

sure of 720 Torr is a quality which only'depends on p.

dK( )K~p St() '

dN720)/N(720) =

whereby the index t shall denote that the quality St(P)

refers to the telescope actually used. It has been evaluated

in ref. 1. Upon integration one gets:

7 N(7)0,= St(p) (2))C(p,) = YK(Pl,o )  N(2,;-
0

That means: If at an arbitrary time 0 the coincidence rate0

(p,?o) is a known function of the air pressure p. the cor-

responding function K(p,,) at any other time ." can be eva-

luated on the base of the counting rates of a neutron mo-

nitor at the same times. The fact that the intensity varia-

tions of the secondaries at only two different locations and

levels are related to each otber by only one parameter im-

plies that also the modulation efi, ,' t... pc rc- galar,

tic radiation can be characterized largely by only one pa-

rameter too. An adequate possibility has been discussed

by Ehmert 2)

In Fig. 1 the counting rates of the telescope measured

during the different flights are platted versus the air

pressure. The solid lines represent the expectation curves

evaluated according to equation 2. with the data of the

flight on July 1, 1957 as basic values for the time 0

At this flight an air pressure of 10 Torr was reached and

no pouIlnrities were obserVid,

-3-
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It can be seen that the measured points mostly fit wcll

the expectation curves, except for the data on )ar.,Lary 22,

1957 and for the deviating values during certain int.:rvels

of the flights on October 2, 1956 and on September 9, 195'1

These cases have been discussed thoroughly in ref. 1.

We are still not in position to exclude a temporary mal-

function of a circuit component but as sometimes very pe-

culiar changes actually do occur we preferred to present

also these results because simultaneous flights might have

been carried out elsewhere which could be compared with,

or geophysical events might have occurred at that date

giving significance to the observed deviations.

This happened very probably in regard to the measurements

on January 22, 1957. Sincc , -" ... _ rate was only

measured down to an atmospheric depth of 400 
'-'- -. .-- 2'

the corresponding energy of solar protons could scarcely

have exceeded 1 GeV whereas the geomagnetic cut off for

protons at Weiss--nau amounts to 2,6 GeV 3). At first sight

this seemed contradictory to us. As however in the meantime

some very clear cases could be established during magnetic

storms whereby solar protons arrived at locations forbidden

to them in the undisturbed magnetic field according to

Stbrmer's theory 4,5,6) the data

unlikely. The following sequence of events is to be conci-

dere as relevant: A solar flare of importance 3+ was ob-

served on January 20, 1957 from 0928 to 1417 UT. The plasma

beam arrived at the earth on January 21 and caused a strong

magnetic SSC-Storm (sudden commencement), During the night

of January 21/22 unusual auroral displays were observed

even over Lindau/Harz (510 effective geom. latitude). When

the apparatus was aloft, three polar stations recorded

cosmic noise absorption of the type indicating solar pro-
*

tons.

The author is indebted to Dr. Bailey, Boulder (Colorado,

for a private communication.
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It is assumed therefore that the plasma beam when approa-

ching the earth, caused such a lowering of the 'cut off

in Weissenau that protons with.the energies in question

were also admitted.

After the removal of the Institute to Lindau two additio-

nal flights were carried out with the same telescopes.

Characteristic data of the flights are compiled in table 1.

Table 1.

Date launch.appar. appar. lan- calibr.: I neutrons/2 h
Nr. at sum-iding factor m aWeissenau

i i mit UT

19/6/58 0052 11/2 11.I1 '127:0,453 385 57300............. .. .. .... .. ......... ............ !.......................... ............ I......... ...... } ....... ........... ...................... .. ......... ............. ............ ...................... . ........
3/4/59 1015 iII/i105 i12i0 0,422I 360 56990

The calibration factors were determined by comparing the.

coincidence-rates of the telescopes with the records of a

stationary cubical-meson-telescope without lead absorber

at Lindau, installed there among others for monitoring the

cosmic radiation during and following the IaY. All data

are normalized to a calibration factor of 0,430 on which

all the curves in Fig. 1 are based too,

Since the neutron monitor at that time was still located

at Weissenau t-. i-.it:v: ' inting rates inserted in table

1 refer yet to this station .... . - .'-sent the ave-

rage counting rate during the period of the . .

flights.

Fig. 2 shows the coincidence rates measured during the

flights on June 19, 1958 and April 3, 1959.

Since the intensities at the two flights and also the

corresponding neutron counting rates on ground do not dif-

fer appreciably, a new derivation of S(p) was not possible.

If we apply however as a first arproximation St(p) evalu-

ated for Weis,_enau, the solid curves in fig. 2, related

to each other according to equation 2, f . 4+'. fl,'

the measured values.

-5-
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Since the St(p) relates the variation in high altitudes

and on ground at the same geomagnetic latitude to each

other, the variation of the neutron data at Weissenau has

to be corrected for Lindau before inserting in equation (2)

* On account of comparison carried out after the removal

of the neutron monitor to Lindau, it turned out that the

relative variations at Lindau amount to 1,26 fold the va-

riations at Weissenau. It can be seen that by re.la-ting.,,

the expectation values for the flight data at Weissenau

corresponding to the neutron rates determined on ground

t o these actually measured at Lindnu, the latitude ef-

fect can be evaluated for various atmospheric depths. The

result is represented in table 2.

Table 2.

Pressure in-
Pesre in- .150 - 200: 70 - 100 40 - 60 20 - 30 10 - 15
terval(Torr)

Intensity above
Lindau :1du --- , o1+0,0oO i1,4.0O6!1,7;oO
Intensity above O0310±01,±0011001,7,0
Weissenau

.................. ............ ...... ...... .... ................... :...............................- ............................ . ........

The values refer to the time interval during which the

counting rate of the neutron monitor in I-eissenau amounted

to 57000 counts/2 h.

Flihts with,..Sin-A.le Counters.

In order to achieve the launchings of a lar : rnuimir of

flights at lower costso a smaller apparatus with a single

counter of the Victoreen type 1 B 85 was developed, A i-

mijar model with the same type of counter was also used

by cosmic ray research groups in Berkeley and Durham (USA)
8,9). 24 successful flights with this device were per-

formed at Lindau. The results of the different flights

are plotted in Fig. 3 a and b. Fig. 4 shows counting rates

averaged over different intervals of the pressure plotted

versus the counting rates recorded simultaneously by the

neutron mo.nit9r at Lindau.
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In the bilogarithmic plot the points fit satisfactorily

to straight lines as was observed also for the telescope.

The lines themselves are derived after the method of least

squares. At smaller pressures the pointsscatter conside-

rably and the position of the regression line becomes un-

certain. The straight lines for the intervals 10 - 15 Torr

and 20 - 30 Torr published in ref. 6 and based on a smal-

ler number of flights differ somewhat from those considered

now as improved ones. Using however the improved reference

lines only minor deviations remained which scarcely can

be attributed to systematic changes. The significant de-

viation on July 15 which was confirmed also by measure-

ments of several USA-groups has been thuroughly discussed

elsewhere 
6)

The values for the steepness Sz(p) of the sttaight lines

in Fig. 4 are plotted in function of air pressure in Fig.

5. The curve adjusted to the points represents the best

fit in the limits of the errors marked by crosses. Using

the values Sz(p) of this smooth curve and introducing the'

into equation(2), the "normal" curves for galactic radia-

tion drawn in Fig. 3 were derived. That one of July 15

was taken basic for the time 0 . It is situated halfway

between the limits of the variations.

In general the measured values fit well the predicted

curves at atmospheric deptbh xc- 2ing that of the radia-

tion maximum. This agrcement is also _ ::-'.4,1P in Fig. 6

where the record of the neutron monitor is showz". -,

when flights were carried out.

The circles with vertical bars refer to the counting rates

of the single counter measured in a pressure interval

between 40 - 60 Torr whereby the base of the logarithmic

scale has been chosen 1,5 times of that applied for the

neutron counting rate. At atmospheric depths below 40

Torr the flight data scatter in a more pronounced manner

and more irrdgi.larily in :regard to tbe "eutr r -ur-vr +brfn bas

7
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been found for the coincidence rate of the telescope. This

shall be discussed in detail in the following section. On

account of the improved normalization the exponent of the

energy spectrum of the solar protons r= 3,6 (f(E)dE- E_ dE)

derived for the event of July 15, 1959 in ref. 6 appears

a little too high, Since however the deviation does not ex-

ceed the limits of errors to which the evaluation of tis

subjected, we can renounce on applying a correction.

Comparison of the intensity variations

measured with the telescope and the sinel counter..

The ratio of the relative variations of the primary galactic

radiation as measured with the counter telescope above

Weissenau to those of the neutron counting rates on ground

amounts to a little more than two. It exceeds however scarce-

ly 1,5 if one replaces the telescope data by the single

counter data. This discrepancy is due to the fact that the

single counter with vertical axis is rather efficient for

counting particles arriving horizontally. Consequhntly the

average mass layer traversed by the recorded particles is

considerably larger than is indicated by the measured air

pressure p.

Telescope and single counter dz.ta ca. th'r. ~r> he r ., d

only for equivalent weightud means of mass layers traversed

in the average by the recorded particles. Even then no com-

plete agreement can be expected because the mean mass layer

calculated for the single counter includes a larger variety

of layer thicknesses than that for the telescope.

If we neglect the curvature of the earth, the average air

layer x can be ddfined by

= K gcm 2  (3)

whereby K = 1,36 gem - 2 Torr- 1 andi'represent the weight(ed

mean of the zenith angle distribution of the direc-tivoal

- 8-



intensity I(',p) per steradian, unit time, and unit area

perpendicular to the direction ;, at atmospheric depth p.

If we denote by F(0) the effective area at the detector,

we get: ,"' 2.

Sp) P) F" j ~r
, , (4)

For a counter of cylindrical shape with length a and dia-

meter 2 r the effective area can be expressed by

F(r) = 2ra sin , + n r cos..•

This function is represented graphically in Fig. 7. In a

preceding paper ) L(,;:,p) has been derived from our own

measurements of the vertical intensity. It agrees satis-

factorily with the directional measurements of Stroud,

Schenck and Winckler 10) for pressures exceeding 50 Torr.

For smaller pressures and zenith angles exceeding 60 the

values I(,Jp) introduced in equation 4 are to be considered
only as rough estimates. The integration of equation 4 has
been carried out graphically.

An example of the dircoti r-l counting rate used in equa-

tion (4) for an atmospheric depi. -..- -o onding to 20 Torr

is shown in Fig. 8. This curve represents D'rf"" t :f

I((oY)) whereby the fraction signifies the direc-

tional intensity measured in units of the vertical inten-

sity at the same pressure pv The area enclosed by the curve

and the abscisse is devided in 4 sections (hatched and

open) marking intervals of zenith angles accepting one

fourth of the total counting rates each.

Fig. 9 shows for comparison the weighted mean of the menith

angle in function of air pressure for the single counter

and the telescope. It is seen that the mean zenith angle

of th' r i- counter increases considerably for pressures

below 100 Torr w!.'r h .

remains constant.
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The ratio of the variations St and S for the telescope
z

and the single counter respectively defined by equation (1)

are plotted versus the mean air layer i in Fig. 10. The

very precise point for the ratio on ground (1090 g/cm )

has been evaluated from the records of the 1-meson-moni-

tor" and the neutron monitor.

S t and S z agree down to a neaniair.,layer of 120'g/cm 2 at an at-

mospheric depth of 50 Torr. Below 120 g/cm 2 S t increqses

up to a ratio of 2,2 at 20 g/cm 2 whereas in contrast to
this S z remains practically constant at a ratio of 1,5.

Since it is to be expected that any mechanism modulating

the galactic Cosmic radiation will affect the low energy

particles more strongly than the high energy ones, one

would at first sight also expect that the variations mea-

sured with the thin walled single counter (30 mg/cm 2 ) are

more pronounced than those measured with the telescope

(2,.1 g/cm 2).

That this is not true arises frj., tl. tr:-r-s 4 t-on effect

which causes the intensity of secondary partic"-._ -

crease with increasing air layer. Consequently in the re-

gion of atmospheric depths between the radiation maximum

and the top of the atmosphere the ratio of secondary par-

ticles - produced in the average by relatively high ener-

gy primaries - to low energy primaries recorded by a de-

tector increases with increasing zenith angle, Since the

single counter predominantly responses to particles from

inclined directions not accepted by the telescope, it re-

flects intensity variations of primaries with higher ener-

gies and weaker modulation than the telescope does. Hence Sz(p)

near the top of the atmosphere is also expected to be lower

than St(P).

Finally it may be pointed out that the expr,- -'- 17?irtS

plotted in Fig. 3 fit well the normal curves calculated

on the base of S taken from Fig. 5.

z
- 10 -
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Discussion of the scattering

of the counting' rates at low aij res surcs.

Fig. 4 shows that the scattering of experimental points in

regard to the regression lines increases with decreasing

air pressure. How can this be explaine,1?

We could infer 'from our measurements with the telescope

and the single counter that the modulation of the galactic

radiation can be described al.iays by a unique law, Since

all particles above the geomagnetic cut off at Lindau ma-

nifest theru ..elvos by seconvlari-is detectable on ground, it

is to be expected that also a unique relation between the

primaries and ainy recorded secondary component exists. De-

virtions from this law indicate either that the spectrum

of primarios w.s chan-ed by superposition of solar radia-

tion or by a change of the normal cut off as a consequence

of magnetic storms. For most flights.there is however no

evidence for that. It is furtlhermore improbable that the

scattering of the polit_ rP -; ft ' + i U .',t 'li;LtS

reflects uiff':r 2r.cos in the efficincies of the counter:

actually used because then the intensity during one entir.,

flight should deviate systemrttically from the normal clrv

This would also contradict to the calibrations which

showed that the absolute counting rates at constant con-

ditions of irradiations did not differ by more than 2 a'

from the averae for all counters.

"That concerns dleviations possibly based on errors of the

pressure data, tiih.. following ca,.n be stated:

The onset of the pressure signals was fixed with an accut-

racy of + 0,2 Torr. If one plots the pressure versus, the

time the sequence of calibration points fits to such a

smooth curve that the error of interpolation remains be-

low 5 7. In -de'r t' -4'- -.... ," -- z precisely

to the Dn.mal curves at low pressures, the ca. '"- ti-on of

the briometer would have to be changed in some cases . 'i%" ... A

can be rejected. It seems to us that the ob-

- 11 -
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served scattering is rather due to the fact that the mean

air layer is not uniquely determined by the air pressure.

At an air pressure of 10 Torr half of the recorded par-

ticles arrive from directions with zenith angles larger

than 69 , one fourth from directions exceeding angles of

800. Hence one fourth of the particles traverses distances

in the air from 75 km up to 400 km while passing from a

pressure level of 1 Torr to a level of 10 Torr. During the

passage of the above mentioned geometrical distance the

influence of meson instability is not negligeable. This

implies that variations of the distribution of temperatures

in such extended regions will influence the counting rate

markedly. As for the telescope the ; rrespcndir 74n

defined by the aperture does not exceed distances of 4c.

this influence is not observed.
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Summary:

Between October 1956 and December 1957 eight flights with

counter telescopes were carried out above 11eissenau (geom.

latitude eff. 470 N); two additional flights with teles-

copes and 24 flights with single counters were launched

between June 1958 and September 1960 at Lindau/Harz (geom.

latitude eff. 510 N).

The flights with the telescopes lead to a unique relation

between the coincidence rates at constant pressure levels

and the counting rates of the neutron monitor on ground.

The same holds for the measurements with single counters

below the Pfotzer-Maximum. In higher altitudes the corre-

lation is still remarkable but not so close for the teles-

cope data.

The ratios of the relative time variations of the galactic

Cosmic Radiation to those tecorded by the neutron monitor

on ground agree for the telescope and single counter data

below the Pfotzer-Iaximum if plotted in function of the

mean air layer calculated on the base of the detector's

aperture. At small atmospheric depths (low air pressure),

the relative variations of the single counter data are

smaller than those of the telescope. It has to be consi-

dered that the accuracy of the ratios in the latter case

is affected by a pronounced scattering of the counting rator

in. regard ot the regression line.

It is likely that these irregular deviations are a conse-

quence of the large aperture of the single counter which

accepts mostly secondary particles arriving nearly hori-

zontally after having traversed very extended path length

in the atmosphere. If the distribution of the temperature

varies irregularily along these paths the effective mean

air layer is not only a function of the aperture of the

detector and the atmospheric depth where the measurements

- 13 -
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are made but also of the remote temperature distribution

which is not known.

This fact has to be considered in comparing series of mea-

surements with detectors of pronounced efficiency at large

zenith angles.

I am indebted to Prof. Dr. Ehmert and Dr. G. Pfotzer for

numerous helpful discussions. This work was spxnoiL d in

part by the European Office of Aerospace Research of c

USA Air Force.
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Fig. 3a Counting rates of single counters in function of the

atmospheric depth above Lindau
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